Testing a handset transmitter with the “artificial mouth’ 
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DowsIno, or searching with a divining rod for some hidden material, is 
an art of great antiquity. The “‘virgula divina’’ was described by Cicero 
and Tacitus. The illustration above shows the “‘virgula furcata’’ (forked 
twig) used in prospecting for metals. This illustration was reproduced, 
through the courtesy of the New York Public Library, from Agricola’s 
famous “De Re Metallica,” printed in 1556. 

The modern professional dowser is a water-finder. He walks about 
holding a forked twig of hazel or willow, until suddenly the twig twitches. 
“There,” says the dowser, “‘water will be found.” Professor Sir William 
Barrett, who made the classic study of the subject, ascribed the phenomenon 
to “‘motor-automatism,” an obscure reflex action somewhat similar to the 
homing instinct of a pigeon. The cable-dowsing method described in the 
following pages, however, depends upon electromagnetism rather than 
upon motor-automatism. 
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Dowsing for Cable 


By R. I. CRISFIELD 
Outside Plant Development 


ITH any cable system the 

route followed must be 

known so that the position 
of any fault that may develop in the 
cable, which will be located by bridge 
measurement, may be reached with a 
minimum of delay. Aerial cable is 
visible, of course, and its path can 
readily be followed by the test man. 
Because of more or less closely spaced 
manholes, the path of underground 
cable in duct can also be easily traced. 
Where armored* or other cable buried 
directly in the ground is employed, 
its exact course is not so definitely 
fixed. When such cable is laid, its 
path is indicated by substantial 
markers placed at road crossings, 
fence lines, loading points, or where 

*REcorD, June, 1930, p. 465. 
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the direction of path is changed. It 
has been found, however, that these 
markers may deteriorate, be removed, 
or become covered with snow, so that 
in many sections the route of the 
cable may be known only in a general 
way. The need for an accurate method 
of following the path of such a cable 
is therefore evident. 

The recent development of a method 
for locating and tracing the path of 
buried cable from above ground has 
greatly simplified the problem of 
maintaining such cable. The method 
devised involves the use of a tracer 
current flowing along the sheath, and 
an exploring coil with an amplifier and 
telephone receivers. The exploring 
coil is essentially a loop antenna and, 
serving somewhat as a radio compass, 


383 


A 
| 
: 
: 
\ 


may be employed to 
determine not only the 


path of the cable but 


its approximate depth 
beneath the surface. In 
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this system, the tracer 
current does not pro- 


TONE VOLUME 


! 


duce jany interfering 
effects in the circuits 
carried by the cable. 
Toimpress the tracer 
current on the sheath, 
two rods are driven 
into the ground as shown in Figure 1. 
These rods should be placed about 
fifty feet apart, as nearly as possible at 
right angles to the path of the cable, 
and both on the same side of it. In 
developing the method various posi- 
tions were tried for the rods, but that 
shown in the illustration proved the 
most effective. A 20C test set, which 
is standard equipment with the main- 
tenance forces, is connected to the 
two rods and provides an interrupted 
buzzer tone. The current enters the 
sheath from one of the rods, passes 
along the sheath in both directions, 
and ultimately leaves it to return to 
the other ground rod. 

The exploring coil is made by wind- 
ing a large number of turns of fine 
wire on the wood rim of a bicycle 
wheel. The ends of the wire are 
brought out to binding posts, and 
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Fig. 2—Variation of tone with distance for a horizontal and 


vertical coil 


then the rim with its winding jis 
wrapped with rubber and friction 
tape to protect the wire and keep out 
moisture. A 4B amplifier, also stand- 
ard equipment, amplifies the current 
picked up, and the buzzer tone is 
heard through the ordinary headset 
receivers. 

After the ground rods have been 
driven and connected to the test set, 
the exploring coil is carried to a point, 
such as X on Figure 1. To avoid inter- 
ference from the field of the wire 
connected to the ground rods, this 
point should be at least 100 feet from 
the rods. The coil is then placed ina 
horizontal position, and is turned 
slowly around a horizontal axis ap- 
proximately parallel to the cable, and 
the change in volume of the tone is 
noted. This volume will be greatest 
when the greatest number of the lines 
of force caused by the 
current in the sheath 
passes through the ex- 
ploring coil. This will 
happen when the plane 
of the loop passes 
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Fig. 1—Two rods, fifty feet apart, driven into the ground in a 
line at right angles to the cable, serve to lead the tracer current 
to the sheath. Tracer current is supplied by the 20C Test Set 
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NO TESTS SHOULD BE MADE IN SHADED AREA 


through the cable. By 
similarly rotating the 
loop about a vertical 
axis maximum tone 
will be heard when the 
plane of the coil 1s 
parallel to the direc- 
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tion of the cable. These conditions are 
indicated in the drawing at the head 
of this article. 

After this preliminary location, the 
test man holds the coil in a horizontal 
position and walks toward the cable 
in a direction as nearly as can be de- 
termined at right angles to it. The 
tone will increase as the cable is ap- 
proached until the coil is nearly over 
it, and will suddenly decrease when 
the cable is directly under the center 
of the coil. As an alternative method 
the coil may be held vertically with 
its plane approximately parallel to 
the cable. With the coil in this posi- 
tion, the tone increases steadily as the 
cable is approached and becomes a 
maximum when the cable is directly 
beneath the coil. Curves of tone vol- 
ume and distance for the two methods 
are shown in Figure 2. The minimum 
tone position, with the coil horizontal, 
is very sensitive, and will locate the 
cable within a few inches. 

After the cable has been located in 
this manner, its path 


le 


fault, it is a comparatively simple 
matter to dig up a section for repair 
or further fault locating tests. 

The exploring coil also provides a 
simple means of determining the 
depth of the cable, as indicated in 
Figure 3. The coil is held in a hori- 
zontal position directly over the 
cable, and a stake or stone is placed 
to indicate the spot. Then the test 
man, holding the coil with its plane 
parallel to the cable and at an angle 
of 45 degrees with the vertical, moves 
slowly away from the cable in a direc- 
tion at right angles to its path. At the 
position of minimum tone, a line from 
the cable to the center of the coil will 
make a 45-degree angle with the hori- 
zontal as indicated in the illustration. 
A marker is placed directly beneath 
the center of the coil at this position. 
The two positions of the coil and the 
cable form a 45-degree right triangle, 
and the distance of the cable beneath 
the surface of the ground is equal to 
the distance between the two posi- 


may be readily fol- IK 
lowed by walking 
along with the coilina 7- 
horizontal position, 
and proceeding so as 
to maintain the tone at 
the minimum level. 
The path of the cable 
may usually be fol- 
lowed in this manner | 
for a distance of about | 
500 feet each side of the H | 
ground rods—the ac- | 
| 
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tual distance depend- 
ing on soil conduc- 
tivity, noise condi- 
tions,andotherfactors. 4 
Having thus accur- 
ately located the path 
of the cable in the 
neighborhood of the 
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Fig. 3—The depth of the cable may be readily found by de- 
termining the position of minimum tone, first with the coil 
horizontal and then when it is held at an angle of 45 degrees 
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tions of the coil minus the height of 
the coil above the ground, since the 
two sides of the triangle, A and B in 
the diagram, are equal. 

The simplicity of the apparatus re- 
quired, and the ease with which a loca- 


tion can be made, makes the method 
widely applicable. The exploring ¢oj] 
is the only apparatus that needs to be 
added to the usual equipment, and it 
can be built of material readily and 
economically procured. 


The remarkable magnetic properties of the permalloys have made possible great savings 
in telephone plant construction. These alloys have had most extensive application as 
core material for loading coils, where they have replaced iron dust. The use of permalloys 
has resulted in a material decrease in the size of these coils. Recent development work 
indicates that a still further reduction in size will be practicable with new permalloys 
which contain a small percentage of molybdenum in addition to iron and nickel. The 
increased efficiency of the new material is strikingly illustrated in the photograph 
where magnetically equivalent loading coil cores of iron dust, permalloy dust and 
molybdenum permalloy dust are shown. 


ERTICAL broadcast an- 
tennas have heretofore been 
insulated from the ground at 
their base. Although this construction 
has been deemed necessary for the 
proper functioning of the antenna, it 
has introduced difficulties and com- 
plexities in both the electrical and 
mechanical features. Since insulating 
material is inherently weaker me- 
chanically than structural steel, the 
insertion of an insulator at the base 
of the antenna, where the mechanical 
forces are the greatest, has generally 
required a modification of what would 
otherwise have been the most econom- 
ical design. The electrical complica- 
tions introduced by the insulator, 
however, are of greater importance, 
and lead to greater additional expense 
and complexity. The recent develop- 
ment of a new method of coupling to 
a vertical antenna, which completely 
eliminates this base insulation, is 
thus an achievement of considerable 
practical importance. 
The ordinary base-insulated an- 
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The Grounded Vertical Radiator 


By J. F. MORRISON 
Radio Development 


tenna is energized by a transmission 
line running from the radio trans- 
mitter, and between the end of this 
line and the antenna some form of 
coupling circuit must be provided to 
match the impedance of the antenna 
to the characteristic impedance of the 
transmission line. For any one type 
and size of transmission line, the 
characteristic impedance is more or 
less fixed, but the impedances of an- 
tennas vary widely, depending on 
height, configuration, and the oper- 
ating frequency of the station. The 
coupling network, therefore, must 
either be especially designed for each 
installation, or a standardized coup- 
ling circuit must be provided which 
has sufficient flexibility to allow it to 
be adjusted to meet the wide range of 
antenna characteristics. One of the 
advantages of the new “shunt-ex- 
cited” antenna arrangement is that 
the coupling circuit has been reduced 
to a single condenser and a connecting 
wire that becomes essentially an ele- 
ment of the antenna, and the normal 
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adjustment of impedance involves 
only an adjustment of this condenser. 
This simplification is brought out 
by Figure 1, where the upper sketch 
represents the usual arrangement of 
the insulated antenna, and the lower 
one the new shunt-excited antenna. 
A simplified schematic arrangement 
of the electrical elements comprising 
the insulated antenna and connecting 
circuit could be represented as shown 
in Figure 2. The radio transmitter, 
designated T, operates between the 
transmission line and ground. Z, rep- 
resents the characteristic impedance 
of the transmission line, and z,, the 
impedance of the antenna; the insu- 
lator at the base of the antenna is in- 
dicated for contrast with the grounded 
antenna. The function of the coupling 
impedance, z., is to make the combi- 
nation of z, and z, equal to z,. 
Contrasting with this, the arrange- 


ment of the shunt-excited antenna 


circuit is shown in Figure 3, where the 
base insulator of Figure 2 is replaced 
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Fig. 1—Schematic representation of the 
series-excited antenna, above, and the new 
Western Electric shunt-excitedantenna, below 
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by a solid connection to ground. This 
arrangement divides the total antenna 
impedance into two parallel imped. 
ances, with the result that the an. 
tenna impedance may be varied within 
limits by changing the point of con. 
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Fig. 2—Simplified schematic of an equiva- 
lent circuit of the series-excited antenna 


Zo Zc 


Fig. 3—Simplified schematic of an equiva- 
lent circuit of the shunt-excited antenna 


nection of the coupling wire. Still 
further adjustment is possible by 
varying the distance “‘b” of Figure 1, 
which also modifies the impedance 
which must be matched with that of 
the transmission line. With the former 
method the entire antenna impedance 
was in series with the coupling circuit, 
while with the new method it is split 
into two parallel branches, and for 
this reason the new method is de- 
scribed as shunt excitation. 

The simplification wrought by the 
shunt-excited antenna would be 
largely vitiated if the radiation from 
the antenna were adversely affected. 
Although mathematical analysis could 
give an approximate answer to this 
problem, there are always assump- 
tions underlying such computations 
which may be open to question. It 
seemed desirable, therefore, to make 
field studies on an actual, full-size 
antenna. Such a study became pos- 
sible through the courtesy of the 
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Fig. 4—Measured current distribution for 
the series-excited antenna, dotted curve, and 
the shunt-excited antenna, solid curve 


Detroit Daily News, which made avail- 
able its 400-foot vertical radiator at 
Station WWJ. This antenna is of 
uniform cross-section, 6% feet square 
throughout its entire height except 
for the bottom 22 feet, which tapers 
to the dimensions of a single porcelain 
insulator. The antenna and its base 
construction are shown in the ac- 
companying photographs. It offered 
the advantage of permitting compara- 
tive tests on grounded and ungrounded 
antennas, since the base insulator 
could be short-circuited for the 
grounded tests. 

Although the current distribution 
in an antenna is commonly referred to 
as sinusoidal, such a distribution is 
only approximated in practice. To de- 
termine theactualcurrent distribution, 
studies were madeunder both grounded 
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and ungrounded conditions. A loop 
antenna from a Western Electric 44A 
Field Intensity Measuring Set was 
arranged so that it could be carried 
by a rope suspension up or down the 
full height of the tower. It was main- 
tained firmly against one corner of the 
structure so as to be predominantly 
affected only by the current in the 
antenna at its own level. Current 
distributions for the series and shunt- 
excited antennas are shown in Figure 
4. In neither case is the current 
strictly sinusoidal, but it is essen- 
tially alike for the two conditions ex- 
cept for that section of the antenna 
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270° 


Fig. 5—Ground-wave field intensity for 
1000 watts at one mile for both series and 
shunt-excited (solid curve) antennas 


below the point where the coupling 
wire is connected. The measurements 
were taken on the side of the antenna 
opposite to the coupling point so as to 
eliminate the field from the coupling 
connection itself. Calculations indi- 
cated that for other positions around 
the antenna, the field caused by the 
current in the coupling wire would 
partially neutralize that due to the 
vertical radiator—making the distri- 
bution of the grounded antenna more 
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closely approach that of the un. 
grounded antenna. 

As a further check on the compara. 
tive effectiveness of the series and 
shunt methods of excitation, the 
ground-plane field intensity was in. 
vestigated. A low-power oscillator 
was used to excite the antenna, but 
the data were corrected to correspond 
to a power level of 1000 watts and a 
distance of one mile. As shown in 
Figure 5, the two field intensity curves 
are substantially alike. 

These field intensity measurements 
plotted against the height of the an- 
tenna in wavelengths are shown in 
Figure 10 for both the series and 
shunt-excited antennas. Here again, 
it will be observed, the two methods 
of excitation give very similar results, 
The slightly lower value of field 
strength in the vicinity of an antenna 
height of 0.3 wavelength for the shunt- 
excited condition was caused by 
known deficiencies in the ground sys- 
tem near the base of the antenna. 
_ These curves illustrate in addition the 
\ fact that with either series or shunt- 
excited antennas there is very little 
justification for increasing the an- 


Fig. 6—The 400-foot ver- 
tical radiator of Station 
WWJ, Detroit 


Fig. 7—The base of the 
WWJ antenna rests on 
an insulating support and 
is enclosed in a brick wall 
as a safety precaution 
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tenna height above about 0.25 wave- 
length unless it is increased to be- 
tween 0.5 and 0.6 wavelength. The 
curves are fairly flat up to about 0.4 
wavelength, and then begin to rise 
more rapidly, reaching a maximum 
value in the neighborhood of 0.6 wave- 
length. 

These various curves show that the 
ground-wave radiation is not ap- 
preciably affected by the new method 
of excitation. To determine the effect 
on radiation at higher angles, field in- 
tensity measurements were made, 
through the courtesy of the National 
Life and Accident Insurance Com- 
pany, at distances ranging from 35 to 
110 miles in several directions from 
the 0.58 wavelength vertical radiator 
of Station WSM in Nashville. Auto- 


Fig. 8—To measure current distribution, a 
small loop was carried vertically up and 
down one corner of the antenna 
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Fig. 9—Taking a reading of current dis- 
tribution high up on the antenna 


matic recording equipment was used, 
and the antenna was excited by the 
series and shunt methods alternately 
every hour from midnight to 8:00 
A.M. over a period of three weeks. A 
typical chart is shown in Figure 11. 
No discernible difference in the fading 
characteristics for the two methods of 
excitation was noticeable. 

In so far as radiation characteristics 
are concerned, therefore, there is no 
important difference between the series 
and shunt-excited antennas. In re- 
spect to the cost and operation of the 
system, however, the shunt-excited 
antenna has a number of distinct ad- 
vantages. The gain in the simplifica- 
tion of the coupling equipment has al- 
ready been mentioned. With the 
shunt-excited antenna the weather- 
proof housing for the coupling equip- 


391 


: 
gg 
re 
| 
RON 
‘ee 
| 
ve 


ment becomes smaller and less expens- 
ive, since the only equipment required 
is a series capacitance and a meter. 

The circuit supplying antenna light- 
ing is simplified to an even greater 
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Fig. 1o—Field intensity for various heights 
of antennas of both types; the solid curve 1s 
the shunt-excited antenna 


extent. Since the antenna is at ground 
potential at its base, filter circuits or 
coupling transformers are not re- 
quired. The lighting circuit may be 
run directly to the base of the an- 
tenna and thence vertically up the 


structure. All forms of protection 
from lightning or other high voltages 
on the antenna structure also become 
unnecessary. With the base of the 
antenna at ground potential no pre. 
cautionary measures need be taken 
either to eliminate high potentials or 
to keep people from coming in con- 
tact with the structure. The shunt. 
excited antenna also has the ad. 
vantage of greatly reducing the inter. 
ruptions of programs caused by light. 
ning or static discharges. Although 
such interruptions are of short dura- 
tion, they are annoying to the list- 
eners, and their radical reduction 
will be welcome to broadcasters. Over 
and above these many advantages, 
the cost of the antenna itself is de- 
creased, since no base insulators are 
required and the more rigid support 
of the direct steel connection to the 
foundation permits the use of smaller 
cross-sectional dimensions. 
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Fig. 11—Results of fading tests from station WSM with the two types of operation 
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A One-Tube Carrier System 


By H. G. JORDAN 


Toll Transmission Development 


URING the past fifteen years 
carrier telephone systems 
have provided a considerable 

part of the growth of toll circuits on 
routes served by open-wire lines. The 
use of carrier systems, however, has 
been limited in general to the medium 
and long haul circuits, because the 
oscillators, modulators, amplifiers, filt- 
ers, and other equipment required at 
the terminals of such systems are 
comparatively expensive. The vac- 
uum tubes employed as oscillators, 
modulators, and amplifiers must be 
provided with suitable power supply, 
which adds to the total cost. Where 
the distances are short it may be less 
expensive to provide the additional 
circuits by using more pairs of wires. 
Two types of open-wire carrier sys- 
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tems are widely used at the present 
time. The type C provides three ad- 
ditional circuits, and is commonly 
used for distances as short as 100 
miles. It is used also on some of the 
longest open-wire lines in the country, 
some systems being over 2000 miles in 
length. The type D system provides 
only a single additional telephone cir- 
cuit, and is commonly used for dis- 
tances down to 50 miles, with an 
upper limit at about 200 miles. The 
shorter distance is justified as a result 
of the simplification that goes with a 
single-channel system, and the re- 
striction of the upper limit of trans- 
mission to about 200 miles. 

Circuits less than 50 miles in length 
comprise a large portion of the toll 
plant, however, and attention has re- 
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cently been directed to the provision 
of carrier facilities which could be used 
in this field. As a result a new carrier 
system, very simple and compara- 
tively inexpensive, has been made 
available, which has been designated 
G-1. This system, which provides a 
single additional circuit, may, under 
certain conditions, be advantageously 
employed for distances as short as 
ten miles, or possibly less. The maxi- 
mum distance depends on the gauge 
of wire, the amount of entrance cable, 
and the overall loss that can be al- 
lowed for the grade of service required. 
Twenty-five miles represents the 
normal upper limit of transmission. 

The system has been designed pri- 
marily for use between two points 
only, and not as a link in a longer cir- 
cuit. This permits somewhat higher 
losses than could otherwise be toler- 
ated. It is also not designed for use on 
pole lines carrying other types of car- 
rier systems. By thus limiting the 
scope of application, it 
has been possible to 


an oscillator at only one termina] 

No amplifiers are employed in the 
G-1 system, and a single 10,300-cycle 
oscillator supplies the carrier for both 
directions of transmission. As already 
noted, after this carrier is modulated 
by the voice of the telephone user 
substantially the whole resultant prod. 
uct, including the carrier and both 
sidebands, is transmitted over the 
line. The lower sideband extends 
from about 10,200 to 6,500 cycles and 
the upper sideband from about 10,400 
to 14,100 cycles. 

Power is required only at the oscil- 
lator terminal, which is called the 
active unit, while the other terminal, 
from its requiring no associated power 
supply, is called the inert unit. Both 
active and inert units are arranged on 
panels for mounting on a relay rack— 
the active unit requires a seven-inch 
panel and the inert unit a 3%-inch 
panel. The two units are shown in the 


photograph at the head of this article, 


take advantage of cer- 
tain economies in de- 
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sign which, together CIRCUIT 


with recent develop- 
ments in the art, have 
made it possible to pro- 
vide a system that can 
be economically used 
over these very short 
distances. Notable 


transmission of both 
sidebands and the car- 
rier, which permits the 
use of less expensive 
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filters, the use of the 
copper-oxide modula- 
tors, and the use of a 
carrier supply arrange- 
ment that makes it 


necessary to provide 
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Fig. 1—How the G-1 carrier system — 
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where the upper is the inert unit, and 
the center panel is the active unit. 
The lower panel is equipment required 
only when d-c. ringing is employed. 

Since no amplifier is employed by 
the G-I system, and since there is 
some loss in the modulators and 
filters, and somewhat higher line loss 
at the carrier frequencies than at 
yoice frequencies, the overall loss is 
greater than for the voice-frequency 
circuit on which the system is super- 
posed. To reduce the reflection and 
attenuation losses in entrance cables 
at carrier frequencies, an impedance 
equalizer has been designed for mount- 
ing on the pole at the junction of the 
open-wire section and the entrance 
cable. This will take care of cable 
lengths up to about one mile and is 
more economical than the conven- 
tional methods of loading. In addition 
a phase shifter is required because of 
the transmission of both sidebands 
and of the supplying of carrier at only 


one terminal. This phase shifter is lo- 
cated at the inert terminal. 

The circuits to which this new car- 
rier system will be commonly applied 
are arranged for 20-cycle ringing, 
which is applied across the line. The 
G-1 terminals are provided with a 
simplex circuit to provide this type of 
ringing so that the operator rings over 
the carrier channel in exactly the same 
way she does over the physical circuit. 
The general arrangement is indicated 
in Figure 1. With such a circuit ringing 
potential is applied across the line for 
the physical circuit, the current flow- 
ing around the circuit in the usual 
manner. For the carrier channel, the 
ringing is applied across the tip and 
ring conductor at the switchboard, as 
for the physical circuit, but a trans- 
former across the derived, or carrier, 
drop imposes this ringing potential 
between the mid-point of the repeat- 
ing coil and ground. Ringing on the 
carrier channel is thus transmitted 
over both sides of the 
physical line in paral- 


lel, and over a ground 
return. If the carrier is 
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being applied to one 
side of a phantom cir- 
cuit, the ringing ar- 
rangement is similar 
except that the signal- 
ing tap is made at the 
mid-point of the phan- 
tom repeating coil, and 
ringing current passes 
over the two sides of 
the phantom in paral- 
lel and thence to 
ground. Both active 


and inert’ terminals 


provide the equipment 


MODULATOR LOW-PASS FILTER 
INERT TERMINAL UNIT 


provides an additional circuit 
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required when 20-cycle 

ringing is employed at 

the terminal offices. 
Occasionally, how- 
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ever, the G-1 system may be used in 
connection with community dial of- 
fices. Under these conditions an addi- 
tional unit is required at each termi- 
nal—shown below the carrier units in 
the photograph at the head of this 
article. With this arrangement, which 
is known as composite signaling, the 
ringing path is from one side of the 
physical line to ground, and two 
identical signal paths are provided— 
one for the physical and one for the 
carrier circuit. Simplified coil and 
relay arrangements were employed to 
make the method economical. 

When it is desired to operate more 
than one carrier system of this type on 
a given pole line, it is necessary to con- 
sider the possibility of crosstalk. Fac- 
tors which affect the crosstalk un- 
favorably are (1) the transmission of 
the same frequencies in both direc- 
tions, which brings in the effect of 
“‘near-end” crosstalk,* and (2) the 
employment of two sidebands, which 
doubles the frequency band required 
and thus increases the upper fre- 
quency at which crosstalk may occur. 
On the other hand, the short distances 
for which these systems are used make 
possible a larger crosstalk limit per 
unit length of line. Generally speak- 
ing, pole lines transposed for voice 
frequencies can carry several G-1 
systems if the systems are kept apart 
by applying them to pairs on op- 
posite ends of crossarms and only on 
alternate arms. 

Two field trials of this system have 
been conducted. One was on a circuit 
between Ellenville and Woodridge, 
New York, spanning a distance of 
about twelve miles. This circuit em- 

*Recorp, Nov., 1934, p. 66. 


ployed 20-cycle signaling, and was in 
a resort territory where the demands 
for service vary considerably from 
season to season. The other trial was 
on an eighteen-mile circuit between 
the No. 3 toll switchboard at Rich. 
mond, Virginia, and the unattended 
dial office at Manakin, Virginia. Ip 
the latter case composite arrange. 
ments were provided for passing the 
dial pulses over both the physical and 
derived circuits. 

Besides providing an inexpensive 
additional facility, the system is well 
adapted for use as portable equip. 
ment, since the active terminal weighs 
only 26 pounds and the inert terminal 
only 16 pounds. This new carrier sys- 
tem is particularly useful when an ad- 
ditional wire circuit is difficult to ob- 
tain either because the pole space is 
rented, the line is full, or because 
service is required too quickly to al- 
low time for new construction. 

In addition to the standard ar- 
rangement for mounting these units 
on relay racks, a cabinet is available 
for housing them where no relay rack 
is available. This cabinet is arranged 
for either floor, shelf, or wall mount- 
ing. An hour’s time should be suff- 
cient for connecting a terminal ready 
for service, and this readiness for use, 
combined with ease of transportation 
because of their small size and light 
weight, makes them suitable for hold- 
ing in stock for emergency or tempo- 
rary applications. When so available, 
and subject to the transmission limi- 
tations mentioned previously, the 
units are well suited to supply sea- 
sonal or peak-load business, or per- 
haps in the case of storms or other 
natural calamities. 
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EWS AND PICTURES 
OF THE MONTH 


Extensive studies have been made in the Laboratories of 
methods to be used in the field for cleaning the contacts of 
switching mechanisms 
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News of the Month 


LaporaTories’ Men RECEIVE 
DEGREES 
COLLEGIATE DEGREES were received 
this June by thé following members of 
the Laboratories on the completion of 
their respective courses: 


B.S. in E.E., Cooper Union 

J. A. Caseell........ B.S. in C.E., Cooper Union 

R. C. Dehmel....... Ph.D., Columbia 

R. J. Hopf.... .....E.E., Cooper Union 

K. G. Jansky....... M.A. in Physics, University of 
Wisconsin 

W. H. Lichtenberger. E.E., Brooklyn Polytechnic 

a rer B.S. in E.E., Cooper Union 

D. M. Osterholz.....B.S. in E.E., Cooper Union 

G. H. Paelian....... Ph.D., New York University 

J. D. Struthers......B.S. in Chemistry, Brooklyn 
Polytechnic 

W. J. Tiernan....... LL.B., New York University 

B.S. in E.E., Cooper Union 

H. T. Wilhelm. .....E.E., Cooper Union 


Hicu-Power ANNOUNCING SysTEM 
FOR Raceway 

THE MOST POWERFUL sound-projecting 
system ever constructed is being installed 
at Roosevelt Raceway in Mineola, Long 
Island. The equipment will be used for 
announcements of automobile racing 
events and to provide music and enter- 
tainment by artists in the studio on the 
premises or by radio broadcast reception 
or electrical transcription. This Western 
Electric sound system has been designed 
to cover the entire area of the raceway, 
which is approximately a mile long and a 
half mile wide. The system was developed 
by the Laboratories. 

At the center of the raceway a 100-foot 
steel tower is being constructed, at the 
top of which will be located a cluster of 
nineteen sound projectors pointed radially 
so as to cover the entire field. In addition, 
there will be twelve smaller loudspeakers 
located on the same tower to serve the 
nearby grandstand. Amplifiers having a 
total power output of 20,000 watts, as 
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well as the necessary input and contro} 
equipment, will occupy a room at the 
base of the loudspeaker tower. Contro| 
devices will permit adjustment for proper 
distribution of the sound over the field 
A sound-proof announcing and control 
booth will be erected on top of the judges’ 
observation tower on the main grand- 
stand and will be 120 feet above the 
ground. This booth will provide complete 
facilities for remote control of the system. 

This high-power sound system is being 
designed and the installation supervised 
by R. A. Miller and J. F. D. Hoge. 

* * * * 

THE HONORARY degree of Doctor of 
Engineering was conferred on Bancroft 
Gherardi, Director of Bell Telephone 
Laboratories and Vice President of the 
American Telephone and Telegraph Com- 
pany, by the Worcester Polytechnic In- 
stitute on June 13. 

AT A HEARING before the Federal Com- 
munications Commission on June 18, 
F. B. Jewett, Lloyd Espenschied and E. L. 
Nelson of the Laboratories and H. S. 
Osborne of the American Telephone and 
Telegraph Company testified. Dr. Jewett 
spoke on the general principles and ad- 
ministrative phases of the allocation of 
the frequencies for radio services; Mr. 
Espenschied discussed the allocation of 
the ultra-high frequency range to services 
and indicated the uses which may be 
made of this portion of the radio spectrum 
for telephone purposes; Mr. Nelson de- 
scribed the capabilities and limitations of 
ultra-high frequency radio apparatus; and 
Mr. Osborne estimated the requirements 
for public radio telephone services in the 
frequency range below 30,000 kilocycles. 

Harvey FLetcuer, W. B. Snow and 
A. R. Sorret have left for California to 
install a three-channel reinforcing system 
for the Stokowski concert to be given in 
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the Hollywood Bowl on August 17. The 
music will be reinforced in auditory per- 
spective. The loud-speaking system em- 
loyed will be capable of producing one- 
half kilowatt of sound power, which is 
suficient for completely filling the bowl 
with music of sufficient intensity to create 
the emotional impressions experienced in 
a concert hall. 

Ar THE SUMMER convention of the 
American Institute of Electrical Engi- 
neers held in Pasadena, California, from 
June 22 to 26, papers were presented by 
K. E. Gould on Fields Due to Remote 
Thunderstorms; by L. P. Ferris and P. W. 
Spence of the Laboratories with B. G. 
King and H. B. Williams of the College 
of Physicians and Surgeons of Columbia 
University on Effect of Electric Shock on 
the Heart; and by R. K. Honaman, L. L. 
Lockrow and E. L. Schwartz of the Lab- 
oratories, with E. E. George of the 
Tennessee Electric Power Company, on 
Neutralizing Transformer to Protect Power 
Stations Communication. 

G. PuLer visited Hawthorne to dis- 
cuss construction of new sound-repro- 
ducing equipment with members of the 
Manufacturing Department. 

P. H. Pierce inspected the installation 
of announcing systems in the Classifica- 
tion Yards of the New York, New Haven 
and Hartford Railroad at New Haven. 

H. M. Sroiver and R. L. Hanson at- 
tended a meeting of the Acoustic Society 
of America held in Chicago. 

F. A. inspected equipment for 
the new aircraft carrier U. S. S. Yorktown 
at Newport News. 

J. B. Bishop and H. D. Wi sown ac- 
companied O. M. Brymer of the Western 
Electric Company on a visit to the U. S. 
Signal Corps laboratories at Fort Mon- 
mouth, New Jersey, to discuss problems 
of radio-transmitter design. 

J.D. Kiemnxaur has made a number of 
visits to Washington recently in connec- 
tion with tests of Navy radio equipment 
being developed by the Laboratories. 


* * * * * 


O. B. BrackweE tt, Manager of Staffs 
Departments, completed thirty years of 
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service in the American Telephone and 
Telegraph Company and the Labora- 
tories on the second of July. Receiving 
his S.B. degree from the Massachusetts 
Institute of Technology in 1906, Mr. 
Blackwell immediately entered the Engi- 
neering Department of the American 
Company. In 1914, he became Trans- 
mission and Protection Engineer of that 
company. With the formation of the De- 
partment of Development and Research 
in 1919, he became Transmission De- 
velopment Engineer. When that depart- 
ment was transferred to the Laboratories 
in March, 1934, Mr. Blackwell was ap- 
pointed Director of Transmission De- 
velopment. In June, 1935, he assumed 
his present position as Manager of Staffs 
Departments. While this last appoint- 
ment has broadened his responsibilities to 
cover non-technical work, he continues 
his technical interests in that the Trans- 
mission Development Department and 
the Protection Development Department 
are among those under his supervision. 

His individual contributions to the art 
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have been to the practical theory of trans- 
mission and crosstalk and to many prob- 
lems which have arisen in transmission 
development such as methods of reducing 
crosstalk in duplex cables, improvements 
in telephone repeater balance and meth- 
ods of transmission testing in the operat- 
ing plant. The development departments 
of which he has had charge have played a 
considerable part in the very outstanding 
developments which have taken place in 
telephone transmission including the ap- 
plication of repeaters to open-wire lines, 
the development of long-distance small- 
gauge repeatered cables, the application 
of carrier to open-wire lines and the 
present development of wide-band trans- 
mission over cable circuits. 

For many years Mr. Blackwell has been 
interested in the work of the American 
Institute of Electrical Engineers, the co- 
operative work with the Edison Electric 
Institute and, more recently, the work of 
the American Standards Association. At 
present, he is Vice President representing 
the New York City District ofthe A.I.E.E., 
a member of the Plant Codrdination Com- 
mittee and the Joint Subcommittee on 
Development and Research of the E.E.I. 
and Bell System, and a Telephone Group 
representative on the Standards Council 
of the American Standards Association. 


* * * * * 


R. L. Jones, Director of Apparatus 
Development, completed twenty-five 
years of service in the Western Electric 
Company and the Laboratories on the 
thirty-first of July. After receiving the 
S.B. degree from the Massachusetts Insti- 
tute of Technology in 1909, the S.M. de- 
gree in 1910 and the D.Sc. in 1911, Mr. 
Jones joined the research branch of the 
Western Electric Company Engineering 
Department and for several years worked 
on telephone transmitters, receivers, re- 
peaters, and on transmission problems. 
During this time he also contributed to 
the fundamental research on telephone 
quality. In 1914 he became head of the 
Transmission Branch which in 1917 be- 
came part of the Research Department. 
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R. L. Fones 


During the War Mr. Jones was Captain 
of the Signal Reserve Corps assigned to 
research work on communication sys- 
tems for the military establishment. Upon 
the conclusion of this work he again took 
charge of the Transmission Engineering 
Department until 1923 when he became 
Inspection Manager. He effected im- 
portant changes in the organization and 
methods pertaining to quality control in 
design and manufacture. 

About 1925 when the Laboratories was 
formed it became evident that outside 
plant development would profit from ex- 
perimental studies similar to those car- 
ried on in the Laboratories on other types 
of telephone apparatus. In 1927 Mr. 
Jones organized the Outside Plant De- 
velopment Department. After directing 
this department as well as the Inspection 
Engineering Department for a short time, 
he became Director of Apparatus De- 
velopment in 1928. 

In this capacity, in addition to general 
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responsibility for the Inspection Engi- 
neering work, he directs the development 
of telephone apparatus for central office, 
station and outdoor use, and of special 
products for outside sale. 


* * * * * 


D. B. McKey was given a farewell din- 
ner on June 30 which was attended by 
thirty-five members of the Laboratories 
and Western Electric Company. Mr. 
McKey, formerly of the Radio Develop- 
ment Group, has been appointed by the 
Graybar Electric Company to the posi- 
tion of District Sales Manager of broad- 
casting equipment sales with headquarters 
at Atlanta, Georgia. 


R. C. Newnouse visited the Aircraft 
Radio Laboratory, Wright Field, Day- 
ton, Ohio, to discuss radio projects with 
Signal Corps engineers. 


W. H. C. Hiccins returned from Eng- 
land after having spent eleven weeks on 
a radio communication project. 


F. M. Ryan witnessed a demonstration 
of radio landing aids for aircraft at 
Indianapolis. 


O. W. Towner supervised the installa- 
tion of a 355 D-1 (5 kilowatt) radio trans- 
mitting equipment for the KLZ Broad- 
casting Company at Denver, Colorado. 


R. A. CusuMaN visited Texas to install 
isolating filters utilizing coaxial trans- 
mission lines to permit the simultaneous 
use of a single vertical radiator by WRR 
(1280 kilocycles), the City of Dallas 
municipal broadcasting station, and 
KVPA (1217 kilocycles), the City of 
Dallas municipal police transmitter. He 
also discussed the features of the installa- 
tion and other recent developments be- 
fore engineers from a number of Texas 
radio stations at a dinner sponsored by 
7 Graybar Electric Company at Dal- 
as. 


F. H. McInrosu visited Springfield and 
DuQuoin, Illinois, to install, test and 
adjust the first two of seven one-kilowatt 
fixed transmitters for the new radio com- 
munication system of the State Highway 
Patrol of Illinois. 
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E. L. FisHer and L. S. Insxp visited 
suburban points in New Jersey for obser- 
vations of a field trial of special pole- 
mounted protectors which is being con- 
ducted on the lines of the New Jersey 
Bell Telephone Company. 


G. P. Tromp visited the Kearny plant 
of the Western Electric Company in con- 
nection with the manufacture of keys. 


C. E. Netson visited the Bell Tele- 
phone Company of Pennsylvania in 
Philadelphia on maintenance of panel 
offices and the New Jersey Bell Telephone 
Company in Trenton on maintenance of 
step-by-step offices. 

J. A. Pauty of Kearny and G. W. Mar- 
quardt of Hawthorne visited the Labora- 


tories to discuss drafting room standards 
with W. A. Bischoff. 


SEVERAL MEMBERS of the Telephone 
Apparatus Development Department 
visited the Western Electric Company at 
Hawthorne recently. H. B. Smith dis- 
cussed problems relating to the manu- 
facture of crossbar-system apparatus; 
M. Brotherton conferred with engineers 
on high-voltage paper condenser prob- 
lems; J. R. Weeks discussed the manufac- 
turing trial of condensers for use in the 
combined hand-telephone set; and R. M. 
C. Greenidge attended conferences on 
molybdenum-permalloy loading coils and 
loading-coil cases, particularly for the 
buried distribution system. 


H. H. Sraesner visited the Point 
Breeze plant of the Western Electric 
Company on cord development work. 


R. W. DeMonre and A. B. Haines 
visited the Kearny plant to discuss the 
manufacture of power coils. 


SEVERAL DAYS were spent by W. E. 
Mougey, J. G. Brearley, C. L. Hippen- 
steel and J. H. Ingmanson at Lawrence- 
ville and Forked River, New Jersey, wit- 
nessing the removalof buried tape-armored 
cable from which they selected specimens 
for corrosion tests. 

O. S. Markuson of the Laboratories 
staff that is located at Point Breeze 
visited several points in New Jersey in 
connection with the coaxial-cable instal- 
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A. S. Pace 


on Fuly 16 completed 
thirty years of service 
in the Bell System 


lation between New York and Philadel- 
phia and the installation of self-support- 
ing toll cable. 


J. J. Kuxw spent several days at Haw- 
thorne discussing questions on the com- 
bined hand-telephone set and other sta- 
tion apparatus. 


O. E. Buckiey spoke on Ferro- 
magnetism in Telephony: An Illustration 
of Industrial Research, at the meeting 
of the American Physical Society, held in 
Seattle, Washington. 

J. D. SrruTHeErs was the recipient of 
the Alfred Raymond prize given for the 
best thesis presented by a member of the 
senior class at Brooklyn Polytechnic In- 
stitute from which he received the degree 
of B.S. in Chemistry, Magna Cum Laude. 

AT THE ANNUAL meeting of the Ameri- 
can Society for Testing Materials held in 
Atlantic City, R. Burns spoke on Condi- 
tioning of Insulating Materials for Test, 
and A. E. Schuh on The Testing of Organic 
Finishes. A moving picture illustrating 
the testing procedure used in the Labora- 
tories was shown by Mr. Schuh. 


C. N. Nesex and J. R. Brapy were in 
Philadelphia to inspect a field test of 
crystal filters for coaxial cables. 


G. G. Mutter was in Chicago to dis- 
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Dennis CRONIN 
on ‘fuly 1 completed 
thirty years of service 

in the Bell System 


F. S. Irvine 


on ‘Fuly 30 completed 
thirty years of service 
in the Bell System 


cuss telephone equipment for the Navy. 

L. W. Gites, at Hawthorne, discussed 
with the engineers of the Western Elec- 
tric Company the development of a new 
low-priced microphone and the combined 
hand-telephone set. 


O. M. GLunt 
on Fuly 17 completed 
thirty years of service 
in the Bell System 


Harvey FLetcHer was elected an 
Honorary member of the American Oto- 
logical Society at the sixty-ninth annual 
meeting held May 28 and 29 at Detroit. 
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Dr. Fletcher addressed the 
aduating class of Brigham 
Young University on June Io. 
T. C. Fry spoke on dn Ap- 
plication of the Theory of Prob- 
ability to Factory Management 
at the annual meeting of the 
Society for the Promotion of 
Engineering Education held at 
the University of Wisconsin, in 
Madison, Wisconsin, from June 
23 to 26. G. B. Thomas also 
attended this meeting. 

On June 12, R. D. Parker, 
E. F. Watson, H. A. Frederick, 
F. R. McMurry and W. F. 
Simpson visited the labora- 
tories of the U. S. Signal Corps at Fort 
Monmouth, New Jersey. 


Mr. Parker and F. W. Reynotps 
were in Philadelphia on June 24 to ob- 
serve the arrangements used by the Press 
for handling pictures during the Demo- 
cratic Convention. 


* * * * * 


W. H. Martin, Assistant Director of 
Transmission Development, completed 
twenty-five years of service in the Ameri- 
can Telephone and Telegraph Company 
and the Laboratories on the sixth of last 
month. After receiving the A.B. degree 
from Johns Hopkins in 1909 and the S.B. 
degree from the Massachusetts Institute 
of Technology in 1911, Mr. Martin joined 
the Engineering Department of the Ameri- 
can Company. He soon engaged in local 
transmission work in the transmission 
and protection group. When the Depart- 
ment of Development and Research was 
formed in 1919 he was put in charge of 
the transmission development group in 
charge of the development work on the 
transmission of telephone sets and local 
exchange circuits, transmission quality 
and loading. With the consolidation of 
the Department of Development and Re- 
search with the Laboratories in 1934 he 
continued these responsibilities as Local 
Transmission Development Director un- 
til 1935, when he assumed the position 
which he holds at the present time. 
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W. H. Martin 


W. E. Darrow 


W. E. Darrow received the A.B. de- 
gree from the University of Michigan in 
1909 and the B.E.E. degree in 1911. He 
joined the Plant Department of the New 
York Telephone Company at Newark, 
New Jersey, in Ig1I, transferring nine 
months later to the Engineering Depart- 
ment in New York where he was engaged 
in the development of private branch ex- 
changes, particularly on problems involv- 
ing methods of current supply and of 
determining quantities of cord circuit 
facilities to be furnished. One of the prin- 
cipal results of this work was a single 
feeder system to supply all private branch 
exchanges located in a single building. 
During this period he also worked on the 
development of a storage battery system 
to serve all private branch exchanges 
located in a building and floated over a 
feeder from the central office. 

In 1919 Mr. Darrow joined the Engi- 
neering Department of the American 
Telephone and Telegraph Company and 
was placed in charge of a group responsible 
for the development of manual central 
office facilities. He continued this work in 
the Department of Development and Re- 
search when this was formed a few months 
later. He was principally concerned in ar- 
ranging facilities for interconnecting man- 
ual systems with both panel and step-by- 
step dial systems and with the development 
and use of the call-indicator system. He 
also had charge of the development of 
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facilities required to interconnect the in- 
dependent telephone systems at Minne- 
apolis, Indianapolis, Cleveland, Toledo, 
St. Louis and Louisville with the Bell 
System when these were acquired. 


When the Department of Develop- 
ment and Research was merged with the 
Laboratories in 1934, he became Manual 
Engineer of the Local Central Office 
Facilities Department. Mr. Darrow com- 
pleted twenty-five years of continuous 
service in the Bell System on the thirty- 
first of July. 

* * * * * 

THE DEATH OF Henrik Boving, of the 
Chemical Laboratories, on the twenty- 
second of June, was a shock to his many 
friends. Mr. Boving graduated from the 
Teknologisk Institute of Denmark in 
Ig01 and joined the Western Electric 
Company at Hawthorne as a chemist in 
1906. He came to West Street late in 
1907 but soon left the company to go to 
Mariner and Hoskins, consulting chem- 
ists of Chicago. Here he remained until 
1913 when he again joined the chemical 
group of the Engineering Department of 
the Western Electric Company. 

Contrary to the modern tendency to 
specialization, Mr. Boving was equally 
interested in many fields of chemistry and 
in kindred sciences. Having acquired an 
admiring familiarity with the classical re- 
searches in these fields, he neglected no 
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opportunity to refer to them and to cite 
their significance in relation to the im. 
mediate problem in hand. The versatilj 
of his interests as well as his varied ex. 
perience developed in him an unusual 
intuitive judgment about chemical mat. 
ters and caused him to be consulted 
frequently by his fellows, to whom he 
gave advice freely in characteristically 
piquant language. 

The catholicity of his interest was also 
responsible for his enlistment successively 
in a great variety of projects. Among these 
a few may be named in the order of their 
occurrence: special analytical problems, 
development of black enameled wire, 
preparation of high purity metals and al. 
loys for contacts, fire proofing of cotton 
insulation, and the composition of creo- 
sotes in relation to wood preservation. 

* * * * * 

F. J. SiIncER and representatives of the 
Long Lines and Operating and Engineer- 
ing Departments were in New Haven to 
review the fundamental TWX switching 
plan for the State of Connecticut. 

R. F. Matutna with S. K. Wotrr and 
J. E. Tweeppa_e of Electrical Research 
Products made a round trip on the S. S. 
Normandie during May to measure vibra- 
tion. On the eastbound trip they measured 
vibration with two three-blade and two 
four-blade propellers in use while on the 
westbound trip measurements were made 
with four four-blade propellers. At Havre 
they inspected the boat in drydock and 
observed the mounting of the propellers. 
While in Europe Mr. Mallina and Mr. 
Wolff visited the Institut ftir Schwin- 
gungsforschung in Berlin where they dis- 
cussed instruments for vibration measure- 
ments with Professor E. Meyer. They also 
inspected a new vibration spectrometer 
developed by Siemens and Halske. At 
Hamburg they discussed propeller and 
hull problems with Dr. G. Kempf and 
Dr. H. Lerbs of Hamburgische Schiffbau- 
Versuchsanstalt. 

At THE RocuEsTER convention of the 
American Physical Society, held on June 
22 and 23, papers were presented by 
K. H. Storks on Orientation of Thin Layers 
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D. A. Quarles, R. A. Haislip and R. L. Fones were interested spectators at the first 
installation for telephone service of a run of self-supporting cable in which the steel 
strand is inside the lead sheath 


of Stearic Acid by Electron Diffraction and 
by A. J. Ahearn on The Effect of Tem- 
. perature, Degree of Thoriation and Break- 
down on Field Currents from Tungsten and 
Thoriated Tungsten. M. J. Kelly and L. H. 


Germer also attended the convention. 


V. T. CALLAHAN investigated portable 
gasoline and Diesel engine sets at West 
Chester, Pennsylvania. 

H. L. Mutter attended a conference 
on batteries at the Electric Storage Bat- 
tery Company at Philadelphia. 

J.H. Sove was in Detroit, Schenectady, 
Cleveland and Hartford in connection 
with voltage regulating equipment. 

H. M. Spicer and L. J. Purcert, at 
Hartford, studied the operation of the 
automatic control equipment used in con- 
nection with power plants. 

J. L. Larew and R. P. Jurson were in 
Princeton and Philadelphia in connection 
with the coaxial-cable installation. Mr. 
Jutson was also in Allentown inspecting 
the 130-volt supply equipment being 


August 1936 


used in a trial of a pilot-wire regulator. 

CLEVELAND, Co_umBus and other cities 
in the territory of the Ohio Bell Telephone 
Company were visited by G. E. Bailey, 
R. S. Bailey and W. Whitney to make a 
general survey of toll-switchboard equip- 
ment in that company’s territory. On 
part of this trip they were accompanied 
by G. W. Anderson of the Operating and 
Engineering Department of the American 
Telephone and Telegraph Company. 

V. E. Rosene and H. D. Ke tso visited 
Allentown, Pennsylvania, to connect ad- 
ditional repeaters to the new type pilot- 
wire regulator on trial at that office. 

* * * * * 

ON THE TWENTY-FOURTH of last month 
John Davidson, Jr., completed twenty- 
five years of continuous service with the 
Bell System. After graduation from 
Tulane University in 1906 with the B.E. 
degree, Mr. Davidson spent a year on the 
test floors of the General Electric Com- 
pany at Schenectady and a year assisting 
in the erection of the pumping station of 
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Fohn Davidson, Fr. A. L. Richey F. H. Bell 


the water purification plant for the City 
of New Orleans. In 1908 he took up some 
graduate work at Cornell University 
where he received his E.E. degree in 1909. 
For the next two years he was employed 
in the Ohio Works of the Carnegie Steel 
Company at Youngstown, Ohio. 

In 1911 he joined the Engineering De- 
partment of the American Telephone and 
Telegraph Company and engaged in the 
development of private branch exchanges 
and the multi-line service observing sys- 
tem. From 1914 to 1929 Mr. Davidson 
was interested in the development of toll 
facilities, first in the equipment group of 
the Engineering Department and then in 
the similar group of the Department of 
Development and Research. During this 
time he was intimately associated with 
the development of the distributor signal- 
ing system used in connection with the 
toll lines between Philadelphia and New 
York, the No. 3 toll switchboard, and 
the original carrier-telephone system 
which was installed between Baltimore 
and Pittsburgh. 


In 1929 Mr. Davidson transferred to 
the power development group where he 
was responsible for establishing require- 
ments for the various types of power 
equipment used in communication work. 
When the Department of Development 
and Research was consolidated with the 
Laboratories in 1934 he continued his 
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work in the Toll Line Facilities Depart- 
ment but later transferred to the Local 
Central Office Facilities Department 
where he is investigating requirements for 
coin box service and DSA switchboards 
in the step-by-step system. 

* * * * * 


Wuen A. L. Ricuey received the MLE. 
degree from Cornell University in 1911, 
he joined the student course of the Engi- 
neering Department of the New York 
Telephone Company, beginning the serv- 
ice with the Bell System which reached its 
quarter-century mark on the tenth of last 
month. Mr. Richey soon engaged in cable 
problems in the Engineering Department 
and has since been concerned with this 
type of work. He was temporarily trans- 
ferred to the Plant Department in 1917, 
being placed in charge of the testing of 
the Beacon-Catskill cable installation 
which was the first cable arranged for 
four-wire operation. In 1921 he joined the 
Outside Plant Development Section of the 
Department of Development and Re- 
search of the American Telephone and 
Telegraph Company where he was in 
charge of a group working on the develop- 
ment of cables and cable-testing appa- 
ratus. He spent two months in Southern 
California in 1923 on the installation of 
the Catalina Island submarine cable. In 
1932 he became Assistant Outside Plant 
Development Engineer of the Depart- 
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ment of Development and Research and 
with the consolidation of this Department 
with the Laboratories in 1934 he continued 
his responsibilities as Cable Apparatus 
Engineer of the Outside Plant Develop- 
ment Department. 

* * * * * 


J. H. Bet has been continuously en- 
gaged in telegraph development work 
during the twenty-five years of service in 
the Western Electric Company and the 
Laboratories which he completed on the 
first of July. The entire telegraph system 
of the Bell System has been radically 
changed and improved during this time— 
the speed of operation has been increased 
more than fifty per cent; metallic tele- 
graph, several open-wire direct current 
systems, voice-frequency and _high-fre- 
quency systems have been developed and 
put into service; and teletypewriters have 
come into such general use that it will be 
but a few years before the hand-operated 
Morse will be practically eliminated. Mr. 
Bell has been intimately associated with 
the development of these new systems as 
well as new testing equipment which has 
been found necessary for their main- 
tenance. As Telegraph Engineer of the 
Systems Development Department, he 
has had direct charge of much of this 
work. The development of telephotog- 
raphy has also come under his super- 
vision. 

Early in 1914 he went to England to 
study the possible field for Western 
Electric multiplex telegraph systems and 
later in the year installed such a system 
between London and Manchester. Within 
six weeks after installation this system 
was carrying 4,000 messages daily. Six 
years later he made another trip through 
the Western European countries to in- 
vestigate the possible use of multiplex 
equipment in these countries. 

Before joining the Bell System, Mr. 
Bell had spent over eleven years in the 
communication field. He was in South 
Africa for over two years with the Signal 
Corps of the British Army during the 
Boer War and then, in 1902, went with 
the Engineering Department of the Brit- 
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ish Post Office on the development, instal- 
lation and maintenance of telegraph ap- 
paratus and systems. 

* * * * * 


In 1911 S. C. MiLver graduated from 
Union College with the degree B.S. in 
Electrical Engineering and joined the 
student course of the Western Electric 
Company at Hawthorne, beginning a 
period of service which reached the 
quarter-century mark on the third of last 
month. Late in 1912 Mr. Miller came 
to New York and engaged in the develop- 
ment of relays, drops and signal equip- 
ment in the apparatus group of the Engi- 
neering Department. He was closely asso- 
ciated with much of the early develop- 
ment work following the invention of the 
flat-type relay. In igtg he transferred to 
the Engineering Inspection Department 
where he was placed in charge of a group 


S.C. Miller 


responsible for formulating requirements 
used in outside plant construction and 
for their inspection. 

Due to Mr. Miller’s familiarity with the 
materials used in the outside plant he 
became Plant Apparatus Engineer in the 
Outside Plant Development Department 
when this was organized in 1927. In this 
capacity he has since been responsible for 
the development of hand tools and metal 
products that are used in the construction 
and maintenance of the outside tele- 


phone plant. 
[xi] 
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B. E. Benrens received a five-star 
service emblem on the seventeenth of 
July signalizing his completion of twenty- 
five years of continuous service in the 
Western Electric Company and the Lab- 
oratories. Mr. Behrens graduated from 
the Colorado State College in 1911 with 
the Bachelor of Science degree and im- 
mediately joined the student course of the 
Western Electric Company at Haw- 
thorne. A year later he transferred to the 
Transmission Laboratory of the Engineer- 
ing Department at West Street where he 
engaged in the development of trans- 
mitters, receivers and other telephone in- 
struments. During the World War he 
worked on special instruments used by 
the Signal Corps for field communication 
purposes. Following this and until 1924 he 
conducted special studies on telephone in- 
struments and associated apparatus of 
other manufacturers. In 1924 he became 
associated with the development of the 
double-button carbon microphone used 
for broadcasting and public address pur- 
poses. This work involved the develop- 
ment of special testing equipment for 
determining the characteristics of this 
microphone. Later he engaged in the de- 
sign of special communication equipment 
for the United States Navy. He is now 
concerned with the development of trans- 
mission instruments for special purposes. 

* * * * * 
THE PRESENTATION of a five-star serv- 
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ice emblem to T. J. Murtha on July 21 
marks his completion of a quarter centy 
of service in the Western Electric Com. 
pany and the Laboratories. Mr. Murtha 
joined the Western Electric Company ag 
a messenger in the Mailing Department 
in Ig11, transferring six months later to 
the General Treasury Department on 
office work. When this Department went 
to 195 Broadway he joined the New York 
Distributing Credit Department and was 
concerned with financial routines. With 
the expansion of the Engineering Depart- 
ment of the Western Electric Company in 
1916 he became associated with the for- 
mation of a separate Financial Depart- 
ment. During the War he was with the 
U. S. Naval Reserve Force. In 1920 he 
was placed in charge of the clerical group 
of this department and also acted as 
cashier until 1924. At this time he trans- 
ferred as an adjuster in the Voucher 
Accounting Department of which he took 
charge in 1927. Two years later he 
engaged in writing general accounting 
methods and instructions in the General 
Methods Department where he remained 
until 1932 when he again took charge of 
the Voucher Accounting Department. 
Since then he has been concerned with 
the accounting phases of all payments 
made out of the general funds of the 
Laboratories. 
* * * * * 

AFTER STUDYING mathematics and ma- 
chine design at Mechanics In- 
stitute in New York, A. F. 
Dolan joined the Tool Inspec- 
tion Department of the West- 
ern Electric Company on the 
third of August, 1gto. For 
two years he had charge of 
inspecting and_ servicing all 
gauges used by the company. 
At the end of this time he 
transferred as a mechanic to 
the Tool Department. When 
the Manufacturing Depart- 
ment moved to Hawthorne he 
left the company, returning 
about a year later as a me- 
chanic in the model shop of the 
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sneering Department. In 
he the drafting 
up of the Systems Develop- 
ment Department on the de- 
sign of machine-switching 
equipment and three years 
later transferred to the 
machine-switching laboratory 
where he checked tool-made 
samples and conducted life 
tests on switching equipment. 
Shortly after the formation 
of the Radio Development De- 
partment Mr. Dolan was 
placed in charge of the service 
group for this department. He 
has been in charge of the 
Whippany Laboratory since 1926 and of 
the Mendham Laboratory since 1930. 
His responsibilities cover the operation 
of the physical plants with all their 
facilities and of the various services re- 
quired between these field laboratories 
and West Street. He has contributed 
much to the smooth operation of these 
units of the Laboratories, located as 
they are, at a distance from New York. 
On the eighteenth of last month Mr. 
Dolan completed twenty-five years of 
service in the Bell System. 
* * * * * 


E. J. Pratr was graduated from Ohio 
State University in 1911 with the degree 
of E.E. in Mechanical Engineering and 
immediately joined the student course of 
the Western Electric Company at Haw- 
thorne. A year later he transferred to the 
Engineering Department where he handled 
engineering problems of the Manufac- 
turing Department. In 1913 he came to 
the Physical Laboratory in New York 
where he was first engaged in the develop- 
ment of loading coils and transformers 
and later in the development of con- 
tinuous-loaded submarine cable. During 
the World War he worked on various 
government projects, particularly on 
radio transmitters and receivers for the 
Signal Corps. 

In 1919 he became associated with the 
development of transmission measuring 
equipment in the Apparatus Develop- 
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ment Department. Since 1921 Mr. Pratt 
has engaged in the design and develop- 
ment of electromagnetic apparatus and, in 
particular, polarized relays. In 1927 he 
spent a year with the transmission net- 
work group on special studies of modula- 
tion in filters. Mr. Pratt holds about ten 
patents covering retardation coils, relays, 
telephone call metering mechanisms and 
acoustical aids for the hard-of-hearing. 

On the third of July Mr. Pratt was 
awarded a five-star emblem signalizing 
his completion of twenty-five years of 
service in the Western Electric Company 
and the Laboratories. 


* * * * * 


F. S. Enrtz, at the Princeton, New 
Jersey, repeater station, investigated 
maintenance conditions on regulating 
telephone repeaters. 

TOOL-MADE SAMPLES of parts for the 
crossbar switch were inspected by E. C. 
Mueller, F. J. Redmond and J. Abbott 
at Hawthorne. 

E. C. Motina sailed for Europe early 
in July at attend the International Con- 
gress of Mathematicians held in Oslo, 
Norway, July 13 to 18, where he presented 
a paper, 4 Laplacian Expansion for 
Hermitian-Laplace Functions of High 
Order. 

THE CHICAGO TOLL office was visited by 
L. F. Porter, N. Insley and G. H. Downes 
to initiate a trial of special tungsten 
filament idle indicating and line lamps. 
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M. R. Purvis was in Chicago from 
June 20 to 26 to assist in starting the 
field trial for a remagnetizing device for 
telegraph relays and to study other tele- 
graph relay maintenance matters. 

V. P. Tuorp has been in Denver to 
investigate the operation of level com- 
pensators in high-frequency carrier-tele- 
graph systems. 

For A PROPOSED installation of cable 
carrier, A. J. Aikens made induction 
tests at Toledo, South Bend and inter- 
mediate points. 

In CONNECTION with studies of entrance 
cable facilities for the proposed twelve- 
channel open-wire carrier system, F. W. 
Amberg, H. B. Noyes, and M. A. Weaver 
made cross-talk and impedance measure- 
ments on existing entrance cables at 
Wichita, Kansas. 

Joun Mattetr has gone from Fort 
Worth, Texas, to Lamar, Colorado, to 
engage in cross-talk and noise tests at high 
frequencies on newly retransposed open- 
wire circuits. C. H. Gorman, Jr., has also 
gone to Lamar from Phoenixville to assist 
in the same work. 

R. G. McCurpy attended the summer 
convention of the American Institute of 
Electrical Engineers at Pasadena. 

TESTS ON THE effect of lightning on 
open-wire circuits are being made at 
Lamar, Colorado, by D. W. Bodle, C. C. 
Cash and P. W. Spence. 

SUMMER MEASUREMENTS Of cable atten- 
uation at carrier frequencies are being 
made by H. G. Jordan, C. M. Hebbert 
and R. S. Hawkins, at La Grange, 
Indiana. 

* * * * * 


ON THE SEVENTEENTH of last month 
G. H. Paelian completed a quarter cen- 
tury of service with the Bell System. After 
receiving the A.B. degree from Anatolia 
College, Asia Minor, in 1903, and the 
M.A. degree from Oberlin College in 
1907, Mr. Paelian was an instructor in 
the American International College at 
Springfield, Massachusetts, for two years. 
He then attended Worcester Polytechnic 
Institute from which he received the de- 
gree of B.S. in Electrical Engineering in 
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1911. He immediately joined the Western 
Electric Company at Hawthorne and two 
years later, upon completion of the sty. 
dent course, was transferred to the 
Western Electric Company at Antwe 
Belgium. Here he engaged in equipment 
engineering for a machine switching sys. 
tem involving the use of rotary switches 
When the World War broke out in 1914, 
he was transferred to England where ie 
was engaged in engineering and testing 
the machine switching equipment in the 
Dudley exchange near Birmingham. 
Returning to the United States in 1918 
Mr. Paelian engaged in sales engineering 
for the International Western Electric 
Company at 195 Broadway. Two years 
later he transferred to the Systems De- 
velopment Department of what is now the 
Laboratories, concerned with equipment 
engineering and trial installation projects 
until 1934. He then transferred to the 
Local Central Office Facilities Depart- 
ment where he has since been engaged in 
the application of probability theory to 
switching problems. During the last two 
years he has taken special evening courses 
in the School of Education of New York 
University, receiving his Ph.D. this past 
June. Mr. Paelian is the author of the 
book Relativity and Reality, of which a 
second edition has just been issued. 
* * * * * 


AFTER RECEIVING his A.B. degree from 
Northwestern University in 1909, E. S. 
Gibson joined the Chicago Telephone 
Company as a switchboard maintenance 
man. He left two years later to take 
graduate work at Northwestern, obtain- 
ing his M.A. degree in 1912. Late in 1913he 
entered the student course of the Western 
Electric Company. A year later he trans- 
ferred to the Circuit Laboratory of the 
Engineering Department in New York 
where he first prepared descriptions of the 
operation of telephone circuits, giving the 
electrical conditions under which they 
operated, and later recommended equip- 
ment and designed circuits for manual 
telephone systems. During the War he 
assisted in engineering government orders 
for telephone equipment. 
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In 1919 Mr. Gibson became a member 
of the Telephone Systems Engineering 
Department organized at that time to 
study the overall characteristics and 
economies of various telephone switching 
systems. His particular work involved 
the analysis of automatic telephone cir- 
cuits and equipment, the preparation of 
cost estimates and the design of auto- 
matic systems employing apparatus then 
in use or under consideration. In 1928, 
with the Local Central Office Develop- 
ment Department, he engaged in the de- 
velopment of panel circuits for zone and 
overtime registration of telephone calls. 
Three years later he transferred to the 
Toll Development Department in the toll 
systems group. Since 1931, Mr. Gibson, 
who completed twenty-five years of serv- 
ice in the Bell System on July 14, has been 
engaged in transmission and circuit 
studies involved in arranging toll-line 
facilities for such services as open-wire 
program transmission, telephotograph 
and cable-carrier terminal circuits. 

* * * * * 

THE QUARTER CENTURY Of service in the 
Bell System which R. E. Alberts com- 
pleted on July 10 began at Hawthorne 
with clerical work in that part of the 
Western Electric Company Engineering 
Department which dealt with cable de- 
velopment and design and which is now 
doing similar work in the Outside Plant 
Development Department of the Labora- 


tories. This gradually evolved into general 
engineering on cable projects, covering 
particularly the preparation of the neces- 
sary specifications for the manufacture of 
lead-covered cables on specific orders. Be- 
ginning in 1919, he worked for a time on 
the more purely development aspects of 
lead-covered cables but soon returned to 
the general engineering type of work 
with which he had previously been en- 
gaged and with which he has continued 
since. With the beginning of cable manu- 
facture at Kearny he transferred there in 
1927 and with the increase of cable 
activities at that point was placed in 
charge of a group responsible for the 
general engineering connected with spe- 
cific cable projects. Mr. Alberts remained 
at Kearny until 1929, when he went to the 
Point Breeze plant in connection with the 
beginning of cable manufacture there and 
with its growth took charge of general 
cable engineering work paralleling his 
previous activities at Kearny. 
* * * * * 

H. S. Warren attended the Fourth 
Annual Convention of the Edison Elec- 
tric Institute held in St. Louis. 

L. K. Swarr and R. W. GuTsHALt re- 
cently visited Keyport, New Jersey, in 
connection with induction studies. Mr. 
Swart has also been in Lewistown and 
Harrisburg, Pennsylvania, to supervise 
the trial of gas-tube voltage recorders. 

D. T. Oscoop spent several days in 
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Georgetown, Delaware, and in Olean, 
New York, on trial installations of gas- 
tube voltage recorders. 

PATENT MATTERS required the presence 
at the Patent Office of W. F. Simpson 
before the Board of Appeals and N. S. 
Ewing in an interview with an Examiner 
on an application for patent. 

= 

DuRING THE QUARTER century of serv- 
ice in the Western Electric Company and 
the Laboratories which Roy C. Jones 
completed on the twenty-fourth of July, 


R. C. Fones 


he has been continuously connected with 
the development of lead-covered cables. 
Mr. Jones was graduated from the Uni- 
versity of Maine in 1911 with a B.S. 
degree and shortly after joined the Bell 
System at the Hawthorne Works of the 
Western Electric Company. After five 
months in the student training course, he 
transferred to the Engineering Depart- 
ment in that part of the organization de- 
voted to the development and design of 
lead-covered cable and now part of the 
outside Plant Development Department 
of the Laboratories. During the early 


period of this service he engaged in devel 
opment work, much of which was on the 
problem of improving the balance of 
quadded cables. In 1921, he was placed in 
charge of a group working on general en. 
gineering problems in connection with 
lead-covered cable designs for specific 
projects. Mr. Jones remained at Haw. 
thorne until 1929 when he transferred to 
the Kearny plant where he has continued 
since in the same capacity. 

J. W. Scumiep and W. L. Dawson ap- 
peared before the Examiner of Interfer. 
ences in interference proceedings at the 
Patent Office in Washington. 

H. S. Wertz was admitted to the New 
York State Bar during June. 

G. H. Stevenson and G. C. Lorp at. 
tended a conference on interference mat- 
ters in Philadelphia. 

Durinc Juty eighteen members of the 
Laboratories were awarded four-star emb- 
lems signifying the completion of twenty 
years of service in the Bell System. In the 
Apparatus Development Department, 
John G. Ferguson completed twenty 
years of service on the twelfth, H. L. 
Walter on the twenty-fourth and P. C. 
Paquette on the thirty-first; in the Re- 
search Department, T. R. Jenkins on the 
third, A. A. Oswald on the nineteenth 
and M. E. Strieby on the twenty-seventh; 
in the Systems Development Depart- 
ment, H. S. Shope on the third, J. A. 
Burwell on the nineteenth, A. G. Jeffrey 
and L. D. Plotner on the twenty-fourth, 
R. E. Curran on the twenty-seventh, and 
H. F. Shoffstall on the thirty-first; in the 
Transmission Development Department, 
T. C. Rogers on the fifth, D. F. Seacord 
on the tenth, and L. L. Bouton and 
G. C. Reier on the thirty-first; in the 
Purchasing Department, H. W. Dippel on 
the twenty-fourth; and in the Patent De- 
partment, B. H. Jackson on the sixth. 
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Mathematics and Electrical Communication 
Excerpts from a dinner talk before the Corporation of the 
Polytechnic Institute of Brooklyn 


By JOHN R. CARSON 
Mathematical Research 


HORTLY before I entered upon 
S my present work three great 

achievements had ushered in 
what may be called the Golden Age 
in the development of the art of 
electrical communication. I refer to 
the establishment of transcontinental 
communication and to two very great 
inventions, the vacuum-tube ampli- 
fier and the electric wave filter. In 
these days everyone has a radio set 
and knows the tremendous import- 
ance of the vacuum tube. Not every- 
one, however, knows of the import- 
ance of the wave filter or that it is 
well-nigh indispensable in modern 
communication circuits. In fact, it is 
so important that after more than 
twenty years we are still doing a large 
amount of experimental and_ theo- 
retical work on it. These three achieve- 
ments opened the way for an unprece- 
dented development, and, fortunately 
for me and my kind, this development 
called for more advanced and rigorous 
mathematical theory to interpret new 
phenomena and to serve as a guide to 
further development. 

Perhaps I can best give an idea of 
the place of mathematics by describ- 
ing a specific problem with the solu- 
tion of which I was associated. 

The original transcontinental line 
was a loaded line with inductance 
coils inserted at regular intervals to 
reduce its attenuation. On this line, 
more than three thousand miles long, 
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a peculiar and disconcerting noise 
could be heard at the receiving end. 
In laboratory slang this was called the 
“tweet-tweet” effect since that was 
the way it sounded. Oscillographic 
and other tests went to show that the 
effect depended in some involved way 
on the length of the line, on the in- 
ductance and spacing of the loading 
coils and on the frequency of the 
electric waves. It was also inferred 
that the “tweet-tweet” was some kind 
of transient phenomenon. 

The effect, however, was so compli- 
cated, so many variables were in- 
volved, and the physical system was 
so vast, that a thoroughgoing experi- 
mental investigation was out of the 
question. The problem was, therefore, 
put up to us for a mathematical in- 
vestigation—in a rather vague way in 
fact, with very little more information 
than I am giving you now. 

I shall not attempt to trace the 
course of this investigation. It finally 
ended in enabling us to identify the 
phenomenon as a transient variable- 
frequency effect and to establish a 
formula for designing loaded lines so 
as to keep this effect within tolerable 
limits. The research involved three 
major steps. First the problem had to 
be rather drastically simplified and 
stripped of non-essential complica- 
tions. Then it had to be precisely 
formulated and translated into mathe- 
matical terms. In the third place, it re- 


397 


| 
| 
| 
| 
| 
| 
| 
oll 


quired considerable preliminary work 
in the way of selecting and adapting 
our mathematical tools; and finally, 
our results had to be put into shape 
for immediate engineering use. 

The formulation of a problem and 
its translation into the shorthand of 
mathematics may be the most difficult 
phase of a whole research. I have in 
mind a problem which came up a 
number of years ago. Suppose we are 
transmitting by radio from a given 
station in America to a given station 
in Europe. Now suppose we reverse 
the direction of transmission by inter- 
changing transmitter and receiver. 
What is the relation between the re- 
ceived signals in the two directions? 
The formulation of this problem was 
the hardest part of the whole job. 

All of which brings me to the state- 
ment that the application of mathe- 
matics to electrotechnical research is 
as much an art as it is a science. The 
art consists in seeing how to go at the 
problem; in knowing what simplifica- 
cations and approximations are per- 
missible while leaving the essential 
problem intact, in precise formulation 
in mathematical terms, and finally, in 
reducing the solution to a form im- 
mediately interpretable in physical 
and engineering terms. 

Now, I would like to say a few gen- 
eral words regarding the function and 
place of mathematics in electrotech- 
nics. There are some who are con- 
temptuous as regards the value of 
mathematics in the applied sciences. 
Their view is that you put mathe- 
matics into the problem and you get 
the same mathematics out, so that 
the mathematics contribute nothing. 
What these critics fail to see is that 
the function of mathematics is to render 
explicit relations which are involved 
and implicit. 

It is true that when we have cor- 
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tion, but it is latent and concealed 

When we translate the formulation of 
a problem into mathematics—that jg 

express its physical relations in terms 

of symbols and equations—we are 

merely writing down the problem in 

shorthand. But having done so we are 

then in a position to forget the original 

problem and to solve the equations by 

the methods of mathematical analy. 

sis; and this mathematical analysis, as 

J. J. Thomson pointed out, is the 

greatest mental-labor-saving machine 

ever invented. Instead of having to 

keep in mind involved and compli- 
cated relations, we have in mathe- 
matics a tool that does this work for 
us, once the problem has been cor- 
rectly formulated in equations which 

express the physical relationships. 

In the applied mathematics of 
physics and of electrotechnics every 
symbol has a physical significance and 
every equation expresses in a sym- 
bolic term a physical relationship. In 
pure mathematics this is not the 
case—in fact, as Eddington remarked, 
a pure mathematician is never so 
happy as when he doesn’t know what 
he is talking about. This remark is 
more than witty; it is really acute. Be- 
cause the pure mathematician is deal- 
ing with abstract relations, the more 
general and vague his symbols are, 
the more general are his results. 

Fundamentally then, the function 
of mathematics in electrotechnical re- 
search is to provide a guiding theory 
to interpret the results of experiment 
and to suggest future lines of develop- 
ment and research. As a by-product 
of such mathematical research in com- 
munication we now have a substan- 
tial body of inventions and patents 
which owe nothing immediately to 
the experimentalist. 
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Mathematics also has a negative 
function : that is, to show that certain 
inventions and schemes are unsound 
and inoperative. A theoretical analy- 
is by a mathematician may show 
clearly the impossibility of a scheme, 
with present-day systems at least, 
and, therefore, be of value in saving 
time and in eliminating efforts which 
can only end in failure. In a large re- 
search organization this function may 
be rather inglorious, and is not con- 
ducive to popularity. We mathema- 
ticians are much in the position of the 
lawyer to whom a business man com- 
plained that he didn’t want a lawyer 
to tell him what he couldn’t do—he 
wanted a lawyer to tell him what he 
could do. 


In this talk, however, I cannot hope 
to have given you more than a mere 
glimmering of the functions and use of 
mathematics in electrotechnics. Its 
scope is, of course, limited; but where 
it can be applied it is a powerful and 
valuable tool. I think it is destined to 
play an increasingly important réle as 
the technique of electrical communi- 
cation becomes more and more re- 
fined and imposes higher and higher 
standards. The ideal worker in this 
field should be a master of physics, of 
mathematics, and of electrical engi- 
neering. Unfortunately it is barely 
possible to be a master of one branch 
of learning, to say nothing of three; so 
most of us have to be jacks of three 
trades and carry on as best we can. 


A New Station Protector 


In keeping with the trend toward greater compactness, a new telephone station pro- 

tector, coded No. 98, has recently been made available to supersede the No. 58AP 

protector. Its dimensions permit it to be installed on the conventional six-inch 

wooden floor beam without projecting below the edge of the beam and without the use 
of a supplementary backboard 
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The 86 Type Amplifier 


By V. M. COUSINS 
Special Products Development 


MPLIFY: To enlarge or to in- 
crease in scope. As defined 
thus in the dictionary, the 

word amplify has ordinarily been used 
to describe the rhetorical process of 
enlarging an idea, or perhaps of ex- 
panding a description or discussion. 
Whatever the ordinary usage has 
been and to whatever extent the en- 
largement has been carried out, it is 


Fig. 1—An installation of a 10864 ampli- 

fier in a motion picture theatre in New 

York City. An 87A amplifier is mounted 
on the lower section of the rack 
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safe to say that the amplification jn. 
volved has not even approached the 
amplification obtained in many types 
of vacuum tube amplifiers used jin 
various forms of electrical communi. 
cation and transmission. “To ep. 
large or increase in scope” is almost 
ludicrously inadequate to describe a 
process that increases the electrical 
energy in a circuit tens or hundreds of 
billions of times, values which are re- 
quired of amplifiers in numerous cir- 
cuits at the present time. 

Sound picture and public address 
systems require amplifiers capable of 
providing energy increases of the order 
of ten billion times, or gains of 100 db, 
to increase the very small amount of 
energy received from the photoelec- 
tric cell, microphone, or phonograph 
reproducer to values capable of oper- 
ating the loud speakers in a theatre or 
hall at the level required for proper 
sound reproduction. Besides providing 
this large amount of amplification for 
the signal currents, the amplifier 
must provide—if operated from alter- 
nating current—energy losses _be- 
tween the power and voice circuits of 
a similar order of magnitude, so that 
crosstalk from power circuit to voice 
circuit will be maintained at an in- 
audible level. 

To make available an economical, 
high-quality amplifier for sound pic- 
ture and public address systems, the 
Laboratories has recently developed 
the 86A, B, and C amplifiers. Incorpo- 
rating the latest developments in 
vacuum tubes, transformers, and other 
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Fig. 2—Simplified schematic of the 86 type amplifier circuit 


elements, these amplifiers provide a 
gain of 98.5 db and an output level of 
approximately fifteen watts. The cir- 
cuits and mechanical arrangement of 
the three amplifiers are essentially the 
same; they differ chiefly in being ar- 
ranged for different power supply fre- 
quencies and output impedances, in 
order that they may be adaptable to a 
wide range of uses. 

As shown in the schematic of 
Figure 2, these amplifiers have four 
stages, the three preliminary stages 
employing 262A vacuum tubes* re- 
sistance-condenser coupled, and the 
power stage employing two 300A 
vacuum tubest in a push-pull ar- 
rangement. Transformer coupling is 
used for the input to the first stage, 

*Recorp, February, 1933, p. 158. 

fRecorp, Fuly, 1936, p. 365. 
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and as input and output for the power 
stage. The amplifiers are entirely a-c 
operated: the plates being supplied 
from a 274A vacuum tube, which 
rectifies the high voltage supplied 
by the power transformer, and the 
filaments being operated on low volt- 
age obtained from the same trans- 
former. The power transformers of all 
three amplifiers are designed to oper- 
ate from a primary supply voltage 
between 105 and 125 volts. The A and 
B amplifiers are designed for sixty- 
cycle circuits and the C amplifier for 
either 50 or 60 cycles. All three may 
be operated continuously at room 
temperatures as high as 110 degrees 
Fahrenheit. 

In a considerable number of sound- 
reproducing systems, auxiliary ampli- 
fiers or circuits are used for which 
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small amounts of plate 
and filament energy 
are required. To make 
it possible to supply 
this energy, the 86 type 
amplifiers are provided 
withexcess power capa- 
city and suitable con- 
nections from which 
one ampere at ten volts 
may be obtained for 
filament supply, and 
rectified and partly filt- 
ered plate currents of 
5, 7-5, or 10.5 milliam- 
peres at 400, 190, or 85 
volts respectively. This 
is sufficient to energize 
three Western Electric 80A or 62A 
amplifiers. Two small filter units, the 
714A and 716A apparatus units, have 
also been designed for providing the 
additional filtering required by the 
high-voltage energy used for auxiliary 
amplifiers. 

To aid in installation and servicing, 
means have been included in the 
amplifiers for measuring the space 
current of each vacuum tube and 
external “B” supply circuit. Current 
shunts have been soldered into each 
of these circuits and a rotary switch 


Fig. 4—The 86 type amplifiers have a metal chassis, on the 
front of which is mounted the meter switch 


provided by which a special meter, 
known as the KS-7535, may be con- 
nected to any of the shunts. 

All three amplifiers are designed to 
operate from a 200-ohm impedance, 
which is common practice for ampli 


fiers of this type, but the output im- 


pedances differ. The 86A and 86C 
amplifiers operate into a load imped- 
ance of either 6 or 12 ohms, while the 
86B operates into either 8 or 500 
ohms. Continuous adjustment of gain 
is not provided, but fixed attenuators 
have been placed in the grid circuits 

of the three prelimi- 


nary stages so that the 
gain may be adjusted 
over a wide range in 


steps of 5 db. These 


attenuators may be 


connected into the cir- 


cuit by means of taps 
shown in the diagram. 


Five decibel attenua- 
tion is provided in the 
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30 db in the second 
stage, and 10 db in the 
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Fig. 3—Characteristic curves for the 86 type amplifiers: third stage. Connec- 


above—gain-frequency; below—power output 
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are brought to a terminal strip be- 
neath the chassis where connections 
for the desired gain may be made. In 
addition, one or two of the preliminary 
stages may be cut out of the circuit. 
By these means the gain of the ampli- 
fers may be adjusted in 5 db steps 
from 38.5 to 98.5 db. 

Characteristics of the new ampli- 
fers are shown in Figure 3. The gain- 
frequency characteristic is the same 
for all three types, and is essentially 
flat from 50 to 12,000 cycles. The 
power output characteristics of the 
§6A and B amplifiers are similar, 
showing an output level of 15 watts 
over the major portion of the fre- 
quency band, while the 86C amplifier 
characteristic is more uniform in the 
low frequency region. 

The 300A vacuum tubes employed 
in the power stage of the amplifiers 
are highly efficient three-ele- 
ment tubes, with a plate-fila- 
ment impedance of the order 
of 700 ohms. Two of these 
tubes in a suitable push-pull 
circuit are capable of closely 
approaching the theoretical 
limit of efficiency har- 
monic generation for the ideal 
vacuum tube in Class A am- 
plifier service—namely 50 per 
cent efficiency with no har- 
monic generation. In the 86 
type amplifiers the plate-cir- 
cuit efficiency of the power- 
stage vacuum tubes, with neg- 
ative grids, is approximately 
47 per cent over the frequency 
range where the harmonic 
generation is less than 1 per 
cent. By allowing 5 per cent 
harmonic generation, the ef- 
ficiency of the vacuum tubes is 


The use of an amplifier is frequently 
limited by the noise level in the out- 
put circuit—the maximum gain of 
high-gain amplifiers being frequently 
limited by the thermal noise gener- 
ated in the input circuit. In addition 
to thermal noise, high-gain a-c oper- 
ated amplifiers must contend with 
interaction, or crosstalk, between the 
power and voice circuits—the funda- 
mental or harmonic frequencies of the 
power circuit being picked up in the 
circuit elements or wiring, or gener- 
ated in the vacuum tubes due to their 
operation on alternating current. To 
keep such noise at a sufficiently low 
value, the 262A tube, which was de- 
signed particularly for low noise level, 
has been employed in the preliminary 
stages of the 86 type amplifiers, and in 
addition the shield of the first-stage 
vacuum tube is provided with a perm- 
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increased to 57 per cent, and Fig. 5—The 1086 type amplifier consists of one of the 
the output level to 18 watts— 86 type amplifiers mounted in a metal housing and 


an increase of 20 per cent. 
August 1936 


including whatever auxiliary equipment is desired 
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alloy liner. A common source of noise 
in high-gain amplifiers is induction 
between the power and input trans- 
formers. For this reason many ampli- 
fiers are not provided with input 
transformers; the users of these ampli- 
fiers being required to furnish their 
own input transformers and to take 
what precautions are necessary to 
prevent the introduction of noise. In 
the 86 type amplifiers, however, input 
transformers are incorporated in the 
amplifier, and the magnetic pick-up 
from the power transformers is mini- 
mized by providing the input trans- 
former with internal and external 
permalloy shields. These provide an 
attenuation of 40 db to induced noise. 
In this way, the equivalent attenua- 
tion between power circuit and the 
plate circuit of the first stage is main- 
tained at approximately 0.14 cross- 
talk units, or 137 db. 

As a result of these various precau- 
tions, the noise level of the 86 type 
amplifiers is approximately 25 db 
below 6 milliwatts, unweighted, or 44 
db when weighted for either the audi- 
bility threshold characteristic of the 
ear, or the Bell System program 
noise-weighting characteristic. The 


volume range of the amplifiers—the 
range between the noise level and the 
overload level of 15 watts—is thus 
59 db unweighted and 78 db weighted, 

The 86 type amplifiers employ the 
familiar inverted dish type of con- 
struction, with all component ap- 
paratus mounted on the chassis in 
such a manner that terminals and 
wiring are concealed. The chassis car- 
ries the meter switch as shown in 
Figure 4. As used in the field, how- 
ever, they are usually mounted in a 
perforated metal cabinet, arranged 
for either wall or rack mounting and 
measuring about 1g inches high and 
10% inches deep. When so housed, 
the complete assembly is known as 
the 1086A, B, or C amplifier, one of 
which is shown in Figure 5. In the 
particular form shown a volume con- 
trol, at the lower left, is connected in 
the 200-ohm input circuit ahead of the 
amplifier, a milliammeter is included 
for indicating plate currents, and an 
a-c power switch is installed at the 
lower right. Beneath the amplifier 
and behind the instrument plate, 
space is provided for auxiliary filters 
and other apparatus which may be a 
part of the sound system. 


A Single-Sideband Short-Wave Receiver 


By GEORGE RODWIN 
Radio Research 


HE desirability of employing 

single-sideband transmission 

for radio communication has 
long been realized, and such a system 
has been employed for some years in 
the long-wave transatlantic service. 
Studies showed that similar advant- 
ages would accrue from operating 
short-wave circuits by 
the single-sideband 
method, and _ prelimi- 
nary tests indicated 
that the theoretical 
gains could be realized 
in practice. Mainte- 
nance of the correct 
adjustment of the re- 
supplied carrier at the 
receiver, however, is 
dificult at these high 
frequencies, and so it 
seemed desirable to 
build a system with 
which several varia- 
tions of single-sideband 
transmission could be 
studied. Through the 
cooperation of the 
British Post Office a 
transmitter was set up 
in England which rad- 
iated a single sideband 
and a carrier reduced 
to about one-sixth of 
its normal value. This 
small value of carrier 
does not detract from 
the advantages of a 


vantage of supplying a basis for the 
resupplied carrier at the receiver. 
It was felt that a single-sideband 


receiver should be designed so as not 


to require any more attention in opera- 
tion than an ordinary double-sideband 
type, and with this in mind the re- 
supplied carrier adjusting features 


single-sideband sys- Fig. 1—The complete single-sideband receiver is housed in a 
tem, and has the ad- single steel cabinet which is about twenty inches in width 
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Fig. 2—Block schematic of the single-sideband receiver 


were made automatic. The complete 
receiver, mounted in a steel cabinet 
seven feet high, is shown in Figure 1. 
It is of the double detection variety, 
and consists of a high-frequency am- 
plifier stage, a balanced first demodu- 
lator, a three-stage intermediate-fre- 
quency amplifier, and a_ balanced 
second demodulator and low-frequency 
amplifier, with the addition of circuits 
and apparatus for resupplying the car- 
rier. To widen the scope of the studies, 
two methods of carrier supply were 
provided. One utilized the transmitted 
carrier after it had been reconditioned, 
and the other employed a local oscil- 
lator for the carrier resupply, using 
the incoming carrier to control the 
frequency of the local oscillator. 

A simplified block schematic of the 
system is shown in Figure 2. A beating 
oscillator supplying the first demodu- 
lator reduces the incoming signal and 
carrier to the intermediate frequency. 
A branch circuit from the grid of the 
third intermediate-frequency ampli- 
fier tube contains a narrow-band crys- 
tal filter, which selects the carrier 
without passing the sideband. This 
filtered carrier is used for gain control, 
for tuning the beating oscillator, and 
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to supply carrier to the second de. 
modulator, either directly or by con- 
trolling the frequency of a local beat- 
ing oscillator. 

For purposes of gain control, the 
filtered carrier is passed to the gain 
control rectifier, and the rectified out- 
put is then distributed to the high- 
frequency amplifier, the first demodu- 
lator, and the first two stages of the 
intermediate-frequency amplifier. The 
circuit has a time-constant of about a 
second so that the gain of the receiver 
is not affected by momentary fading 
of the carrier. 

For purposes of resupply, the car- 
rier from the crystal filter is passed 
through two smoothing stages which 
smooth out variations in the carrier 
amplitude, and pass the carrier to the 
second demodulator at a level about 


Fig. 3—Simplified schematic diagram of 


the second demodulator circuit 
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en times that of the signal. The cir- 
quit of the second demodulator is 
shown in Figure 3. The sideband is 

ut on the two grids in opposite phase 
while the carrier is put on the grids 
in the same phase. The outputs of the 
two tubes, due to beating of the car- 
rier and signal frequencies, add in the 
output circuit, while beats between 
frequencies in the sideband itself will 
leave the tubes in opposite phase and 
thus will balance out. This balance 
cannot be made perfect in practice, 
and the resulting beat products of 
signal frequencies form the major 
source of distortion in the single- 
sideband receiver. By making the re- 
supplied carrier large compared to the 
sideband, however, the desired signal 
can be made large with respect to 
these distortion products. As the re- 
sult of the partial balancing of the 
distortion products, and of supplying 
the carrier some 20 db above the side- 
band, the receiver contributes no ap- 
preciable distortion to the overall 
circuit. 

Since the carrier from the crystal 
filter is employed for all the various 
control purposes, it is essential that 
the intermediate frequency be at the 
correct value to pass through this 
very narrow filter. To secure this re- 
sult, the beating oscillator must be 
controlled so that its frequency is 
always a definite amount above or 
below that of the incoming carrier, be- 
cause the difference between the fre- 
quency of the incoming carrier and 
that of the beating oscillator deter- 
mines the intermediate frequency. 
The general method of control em- 
ployed is to tune the beating oscillator 
by an adjustable condenser driven by 
the rotating element of a watt-hour 
meter, which acts as a sixty-cycle 
motor. This arrangement is shown 
with copper shielding cover removed 
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in Figure 4. The motor, in turn, is 
connected to a circuit which supplies 
no input when the frequency of the 
beating oscillator is the correct amount 
above or below that of the incoming 
carrier, and which supplies an input 


Fig. 4—A modified watt-hour meter serves as 
a motor to drive the vernier tuning con- 
denser of the beating oscillator 


tending to rotate the motor in a direc- 
tion to bring the oscillator to the 
correct value when the difference- 
frequency varies. The input to the 
motor increases in proportion to the 
deviation of the difference frequency, 
so that the greater the error in the 
difference frequency, the greater will 
be the speed of correction. 

A schematic of the balanced modu- 
lator circuit and associated phase- 
shifter with crystal, which supply the 
driving current for the motor, is 
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shown in Figure 5. The carrier from 
the crystal filter passes through one 
smoothing stage and is then fed to the 
grids of the balanced modulator over 
two circuits. One circuit applies car- 
rier to the grids through a coupling 
transformer, thus supplying the two 


Fig. s—Simplified schematic of the phase 
shifter, crystal, and balanced modulator 
used for tuning the beating oscillator 


grids in phase opposition. The other 
circuit takes the same carrier but 
shifts it ninety degrees, amplifies it, 
and applies it to the two grids in the 
same phase. The phase relationships 
of the two carrier-frequency supplies 
to the modulator grids when the inter- 
mediate frequency is at the correct 
value are shown at the left of Figure 
6. A and A; are the two direct feeds 
and are in opposition in the two tubes, 
while B and B; are the two quadrature 
components, and are in the same 
phase at the grids. The resultant 
voltages on the grids are c and c,, each 
of which is the vector sum of the two 
components. These are of equal mag- 
nitude. A sixty-cycle supply is also 
connected to the two grids at the 
same point as the quadrature high- 
frequency current. The sixty-cycle 
component is in phase on the two 
grids, and the amount that will appear 
in the output circuits is a function of 
the high-frequency grid potentials c 
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and c,;—equal amounts of the six 

cycle components will appear jn the 
output when c and c are equal, ang 
unequal amounts when they are up. 
equal. When the intermediate fre. 
quency is at the correct value, c ang 
C, are equal in magnitude, and as 4 


result equal amounts of the sixty. 
cycle component will appear in the 
output of each tube where they will be 
balanced out because of the ninety. 
degree difference in phase. 
Shunting the circuit of the quadra. 
ture component between the phase 
shifter and modulator is a crystal 


TUBE 1 


TUBE 2 


A\ 


Fig. 6—Phase relationships of the two 
carrier frequencies supplied to the grids of 
the modulator. (Left) when the intermediate 
frequency is correct; (right) when the inter- 


mediate frequency is incorrect 
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sharply tuned to the 
desired intermediate 
frequency, which is 
also that of the nar- 
row crystal filter. This 

stal has no effect on 
the phase of this quad- 
rature component as 
long as its frequency 
ig at the correct value. 
When it deviates from 
this value, however, 
the crystal acts as a 
phase shifter, and 
shifts the phase and 
amplitude of this com- 
ponent by relatively 
large amounts for a 
small deviation from 
the correct value. The 
effect of this shift on 
the resultant voltage 
on the grids of the 
modulator tubes is 


shown at the right of Figure 6. A and 
A, are not changed because they do 
not pass through this crystal circuit, 
but B and B, are. The effect of the 
phase and amplitude shift of the B com- 
ponents is to give a large difference in 
the resultants c and c; as indicated. 
This unbalances the modulator with 


Fig. 8—A two-phase motor drives the vernier tuning con- 
denser of the local oscillator through a worm gear 
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Fig. 7—Block schematic diagram of the synchroniz- 
ing circuit which is employed for the local oscillator 
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the result that the sixty-cycle com- 
ponent is no longer balanced out, but 
gives a sixty-cycle output to operate 
the tuning motor. As may be noted, 
the amplitude change in B and B; in 
the out-of-tune condition aids in un- 
balancing the modulator. Depending 
on whether the intermediate frequency 


was greater or less than 
the desired frequency, the c 
or C; resultant will be the 
larger. In one case the sixty- 
cycle output will drive the 
motor in one direction, and in 
the other, in the opposite di- 
rection. This circuit acts rap- 
idly, and operates very effec- 
tively to hold the intermediate 
frequency at the correct value. 

To be able to compare re- 
ception using a reconditioned 
carrier with that when the 
carrier is supplied by a local 
oscillator, an optional arrange- 
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ment was provided for furnishing 
carrier to the second demodulator. 
This arrangement requires a tuning 
control for the oscillator, but the 
problem differs from that encountered 
in tuning the beating oscillator in 
that the frequency for this resupply 
oscillator must be held to a value ap- 
proximately the same as the inter- 
mediate frequency, while the fre- 
quency of the beating oscillator must 
be held at a frequency differing from it 
by a constant amount. : 

The tuning of the local oscillator is 
obtained by a circuit shown in the 
block diagram of Figure 7. It is similar 
to the equipment that has been used 
for synchronizing broadcast stations. 
The incoming carrier and the local 
oscillator are beat together in two 
modulators whose outputs are in 
quadrature. The resulting beat drives 
a two-phase motor, shown in Figure 8, 
that operates until the beat-frequency 
becomes zero. The speed of the motor 
varies directly with frequency, and so 
the larger the deviation in frequency, 
the more rapidly will the correction be 


made. The action of this synchronizin 
circuit is slower and more precise than 
that of the automatic tuning of the 
beating oscillator, so that when a 
change in the incoming carrier or the 
beating oscillator occurs the auto. 
matic tuning control of the beating 
oscillator will act to bring the inter. 
mediate frequency to the correct value 
to pass the crystal filter. The syn- 
chronizing apparatus will make what 
further adjustment is needed to hold 
the local oscillator at this value. 
This single-sideband receiver has 
proven very satisfactory in prelimi- 
nary tests, and from studies made 
with it a large amount of information 
has been gathered on single-sideband 
transmission, some of which was dis- 
cussed in an article in the May issue, 
page 303. Tests on single-sideband 
operation on short waves are in prog- 
ress, and although results so far have 
been favorable, there are still some 
unsettled points. Only one-direction 
transmission has been tested between 
England and New York, but two-way 
commercial tests are planned. 
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installations, radio transmission studies, 
and broadcast antenna design. 

H. G. Jorpan joined the Engineering 
Department of the Western Electric 
Company in 1917, where he worked on 
the drafting of floor plans and equipment 
layouts. He then served about two years in 
the Signal Corps of the U. S. Army, 
spending a year overseas with the 314th 
Field Battalion. In 1919 he returned to his 
former work with the Western Electric 
Company, but in the fall went to North- 
western University where he studied 
electrical engineering for two years, fol- 
lowed by one year at Purdue University. 
He returned to the Western Electric 
Company as equipment engineer in 1923. 
In 1931 he transferred to the American 
Telephone and Telegraph Company 
where with the D. & R. Department he 
worked on repeaters and pilot-wire regu- 
lating equipment. Two years later he 
transferred to the development of carrier 
systems, in which work he has also been 
engaged since the incorporation of the 
Development and Research Department 
with the Laboratories. 
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